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The 13th Annual Larval Fish Conference and Annual
Meeting of the American Fisheries Society Early Life
History Section cohosted by Mote Marine Laboratory,
United States, and the Instituto Nacional de la Pesca,
Mexico, were held 21-26 May 1989, in Merida, Yuc2.tan,
Mexico. The purpose of holding the meeting in Mexico
was to encourage the participation of our Latin American
and Caribbean colleagues and to provide a forum for the
exchange of ideas and information among researchers
working in the Americas. More than 150 participants
represented 24 U.S. states, the District of Columbia, and
13 foreign countries including Mexico, Canada, Puerto
Rico, Costa Rico, Panama, Cuba, Columbia, Chile, Peru,
Brazil, Argentina, South Africa, and West Germany.
The Conference began with registration and a social in
the courtyard patio of the Merida Holiday Inn. Fresh red
grouper, the most important commercial finfish species of
the State of Yucatan, was prepared and served by the hotel
staff, courtesy of CPI, Itzamex, and the Terramar Trading
Company.
Plenary sessions opened and closed the Conference. The
first plenary session opened with a welcome from Ing.
Carlos Rihani, the Federal and State Fisheries Delegate
who represented Lic. Victor Manzanilla, the Governor of
the State of Yucatan. Also adding a few welcoming remarks
were Lic. Raul Diego, Director of the Centro Regional de
Investigaci6n Pesquera Yucalpeten (Instituto Nacional de
la Pesca), and Robert Werner, the AFS Early Life History
Section President. Following the welcome, Cuban repre-
sentative Biologist Maida Montolio presented a short
tribute to the memory of Mar Juarez, the pioneer of
ichthyoplankton research in Cuba, who died shortly before
the Conference.
Four speakers delivered keynote addresses on the theme
of the Conference, "Larval Fish Recruitment and Research
IV
in the Americas": William Richards, National Marine
Fisheries Service-Miami (North America); Biologist Rosa
Maria Olvera, Instituto Nacional de la Pesca, Mexico City
(Mexico and Central America); Douglas Shapiro, Univer-
sity of Puerto Rico (Caribbean); and Juana D. de Cie-
chomski, Instituto Nacional de Investigaci6n y Desarrollo
Pesquero, Argentina (South America), all of whom pro-
vided a synopsis of the major areas of larval fish research
being conducted in the geographic regions they repre-
sented. Juana D. de Ciechomski's paper entitled, "A
Review of the Investigations on Early Developmental
Stages and Larval Recruitment of Marine Fishes in South
America," appears in this volume.
Following the first plenary session, four days of concur-
rent sessions covered the topics of migration and disper-
sal, taxonomy, recruitment, feeding ecology, reproductive
strategies, ecology, fish culture, physiology, biochemistry
and behavior, and a special scombrid session. A poster ses-
sion and three major workshops were held during the Con-
ference. William Richards conducted the Scombrid
Workshop; Darrel Snyder the Taxonomy Workshop; and
Stanley Warlan, Perce Powles, and J. Isley the Age and
Growth Workshop. Also included were VCR presenta-
tions, exhibits by publishers and manufacturers and a
special exhibit of larval fish reference literature compiled
by Darrel Snyder valued at over $2,000 and which was
donated to the Instituto Nacional de la Pesca following the
Conference. A total of twenty posters and eighty-nine oral
papers were presented. Of the eighty-nine presentations
given, twelve are published in this volume. Exclusing the
keynote address of Juana D. de Ciechomski, they are
organized into Reproduction and Biomass Estimation,
Distribution and Abundance, Larval Transport and
Migration, Microhabitat Selection, and Taxonomy and
Morphology sections. Unlike other conference editions, the
topics in this symposium are diverse. As such, they are
truly representative of the 13th Annual Larval Fish Con-
ference which was in itself a break with tradition, over-
coming language barriers and geographic boundaries-an
example that diversity can provide the strength for unity.
There were ten candidates for the annual Sally Richard-
son Best Student Paper Award. The panel ofjudges, Grace
Klein-MacPhee, University of Rhode Island, USA; Scott
Holt, University of Texas, USA; Jeffrey Marliave, Van-
couver Aquarium, Canada; and Yasunobu Matsuura, In-
stituto Oceanographico da Universidade de Sao Paulo,
Brazil, presented the award to co-recipients David M.
Goshorn (University of Delaware) for his paper, "The Diet
of Larval Weakfish, Cynoscion regalis, in Delaware Bay and
the Relationship of Prey Density to Larval Growth and
Survival," and a Columbian student, Guillermo Moreno
(Moss Landing Marine Laboratory, California) for the
paper "Descriptions of the Early Rockfishes (Sebastes spp.)
from Central California."
During the final plenary session there was an evalua-
tion of the Conference goals and suggestions for continu-
ing and enhancing international growth within the Early
Life History Section.
A field trip was made to the Mayan ruins in Uxmal and
a diving trip to the reefs off Cozumel. The Conference
ended with a fiesta at a Mexican hacienda. Typical Yuca-
tecan dishes were served while strolling mariachis seren-
aded banquet attendees.
As Conference Chairperson, I would like to thank An-
drea Frank, my Assistant Coordinator, without whose help
there would not have been a Conference. I also wish to
thank other Mote Marine Laboratory personnel: Linda
Franklin, Marilee Lipinski, and Robert Dixon; and NMFS
personnel, William Richards and Nikki Bane, for their
dedicated work on behalf of the Conference. I am indebted
v
to Roberto Freund who translated all the Conference
abstracts and Roberto Donadi of Recursos Tecnicos para
Conferencias, S.C., for the excellent simultaneous trans-
lations. I also wish to thank Fred Binkowski for all his help
in disseminating conference information in the Early Life
History Section Newsletter. A special thank you is also in
order for Conference sponsors NOAA/National Marine
Fisheries Service Southeast Fisheries Center, United
Nations Environment Programme, CPI, Itzamex, Terra-
mar Trading Company, Mexicana Airlines, Collezio
National de Educaci6n Profesional Tecnica, and the
Department of Tourism of the State of Yucatan. Finally,
I would like to thank all those who attended and gave
presentations.
All participants of the 13th Annual Larval Fish Confer-
ence were invited to submit their papers in English for this
publication. Because English is a foreign language for many
of the authors and international mail service can be slow
and unpredictable, an extra burden was placed on many
authors and especially on the reviewers. A total of thirty-
three peer reviewers were involved in the review process,
and their expertise and assistance in bringing this work to
fruitation are sincerely appreciated. I would like to thank
AFS/ELHS Editor Robert Hoyt and his Associate Editors,
Dannie Hensley, Douglas Markle, John Olney, Robert
Olson, Eileen Setzler-Hamilton, and William Szelistowski
for their patience, perseverance, and commitment to pro-
ducing this special symposium edition. For their Herculean






Hypothetical Northern Spawning Limit and
Larval Transport of Spot *
BRENDA L. NORCROSS** and DEBORAH A. BODOLUS
College of William and Mary
School of Marine Science
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Gloucester Point, VA 23062
ABSTRACT
The exact northern limit of the spawning grounds of spot (Leiostomus xanthurus) has not been
determined. Previous reports of spot spawning during the winter/spring in the Middle Atlantic
Bight (MAB) are refuted based on the presence of low bottom-water temperatures at that time.
Analyses of historic bottom isotherms in the MAB during winter/spring show that the most north-
erly occurrence of required 17° C bottom temperatures from December to May is on the outer
continental shelf off North Carolina near the Gulf Stream. It is therefore suggested that spot
recruiting to Chesapeake Bay are spawned near Cape Hatteras at the shelf break in winter. A
mechanism must then exist to transport larvae approximately 250 km northward in the MAB
before recruiting to Chesapeake Bay one to three months later. Episodes of southerly winds, inter-
spersed between seasonal spring northerly winds, were identified from 1978 through 1988. These
southerly winds could cause current reversals over the inner shelf areas of the MAB and may
transport waves of new spot recruits northward from the southern spawning site. These winds
may have been related to waves ofjuvenile spot recruiting to Virginia estuaries in 1987 and 1988.
The duration and frequency of southerly wind events during the months when larvae are being
transported could have a major impact on year-class success.
Introduction _
Spot (Leiostomus xanthurus) is a common sciaenid along the
middle and southern Atlantic and Gulf coasts of the United
States. They appear to have a protracted spawning season
which probably begins in September and ends in April or
May with reported times varying with location (Hildebrand
and Cable 1930; Dawson 1958; Lewis and Judy 1983). It
has been suggested that spawning occurs off Chesapeake
Bay from late fall through early spring (Welsh and Breder
1923; Hildebrand and Schroeder 1928; Lippson and
Moran 1974). The season extends from October through
March off the coasts of North and South Carolina (Dawson
1958) with peak spawning occurring in December and
January (Hildebrand and Cable 1930; Dawson 1958; Ber-
rien et al. 1978; Lewis andJudy 1983; Warlen and Chester
1985).
In fall, spot are generally distributed in the Middle
Atlantic Bight (MAB) nearshore from Long Island, NY
• Virginia Institute of Marine Science Contribution No. 1572.
•• Present address: University of Alaska Fairbanks, Institute of Marine
Science, Fairbanks. AK 99775.
to Cape Lookout, NC (NMFS/NEFC 1983-87). In the
winter, from Cape Hatteras to central Florida, spot may
move offshore to occupy the shelf edge (Manooch and
Raver 1984). Although spot have been recorded from
depths of 165 m (Squire 1958) and 204 m (Springer and
Bullis 1956), they are usually found in depths less than
100 m (Pearson 1932; Dawson 1958). Spot tagged in
Chesapeake Bay (Pacheco 1962) and Delaware Bay (Pear-
son 1932) were returned by trawlers operating south of
Cape Hatteras, NC in winter. This suggests that spot from
these northern areas may have a common coastal feeding
or spawning ground during winter (Chao and Musick
1977). There are so few spot captured in the MAB in the
spring that the species is not reported by groundfish cruises
(NMFS/NEFC 1984-88) undertaken in March, lending
further support for a common winter ground offshore or
south of Cape Hatteras.
Since spawning has not been observed, many conclu-
sions about spawning time and place are based on collec-
tions of larvae and juveniles (Hildebrand and Cable 1930;
Lewis and Wilkens 1971; Berrien et al. 1978; Lewis and
Judy 1983). Spawning probably occurs on the mid to outer
continental shelf (Warlen and Chester 1985) over deeper
77
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Table 1
Literature records of initial spot recruitment dates and sizes in Chesapeake Bay.
-----._-_._------ ----- - - ---
Spot reference Place Date Size (mm)
------- --_.--_.._--- - - -- -'- -_._----
Welsh and Breder 1923
Hildebrand and Schroeder 1928
Pacheco 1957
Pacheco 1962
Richards and Castagna 1970
Chao and Musick 1977
Schauss 1977
Orth and Heck 1980
Olney 1983
Weinstein and Brooks 1983
Heck and Thoman 1984
McCambridge and Alden 1984
Smith et al. 1984
Cowan and Birdsong 1985
O'Neill and Weinstein 1987
















































bottoms (Dawson 1958). Off North Carolina, the size and
age of spot larvae increased from offshore toward the
coastline (Lewis andJudy 1983; Warlen and Chester 1985).
Primarily, time of spawning has been inferred from time
of juvenile recruitment to the estuaries. Juveniles recruit
to Georgia estuaries from February through April (Rogers
et al. 1984) and to South Carolina from January through
June (Beckman and Dean 1984; McGovern 1986), peak-
ing in February (McGovern 1986). Recruitment to North
Carolina may occur October through March, but appears
to be concentrated from January to March (Tagatz and
Dudly 1961; Williams and Deubler 1968; Lewis and Mann
1971; Turner and Johnson 1973; Lewis and Judy 1983).
Spot are approximately two months of age when entering
estuaries in North Carolina (Warlen and Chester 1985) and
South Carolina (Beckman and Dean 1984). Recruitment
to Chesapeake Bay usually occurs in April and May
(Table 1) but has been reported as early asJanuary (Welsh
and Breder 1923), February (Olney 1983), or March
(Hildebrand and Schroeder 1928; Orth and Heck 1980).
Variation in time ofjuvenile recruitment indicates a change
in time or place of spawning or in mechanisms responsible
for transport of larvae to inshore nurseries.
These observations indicate that spot spawn over the mid
to outer shelf, inshore of the Gulf Stream, from at least
North Carolina southward. However, since spot recruit to
Chesapeake Bay as post-larvae or juveniles in the spring,
it has been concluded that spawning also takes place as far
north as the Chesapeake area of the MAB (Welsh and
Breder 1923; Hildebrand and Schroeder 1928; Johnson
1978; Lippson and Moran 1984). Mechanisms responsible
for transport of larvae from the spawning ground to the
nursery have not been investigated. It is the intention of
this paper to analyze historic and recent data to formulate
hypotheses which exclude the MAB (Fig. 1) as a spawn-
ing location and propose theoretical transport pathways
from a southerly spawning site to Chesapeake Bay. Addi-
tionally, we will suggest direction for future investigations
to test these hypotheses.
Methods _
Bottom isotherms were obtained from the National Marine
Fisheries Service (NMFS)/Northeast Fisheries Center
(NEFC) bottom-trawl survey cruise publications (Edwards
et al. 1962; Davis 1979; Nickerson and Wright 1980;
NMFS/NEFC 1983-1988) or as unpublished plots (L.
Lierheimer, NMFS/NEFC, Woods Hole, MA 02543,
December 1987). Bottom temperatures (0 C) from cruises
8701 (February-March 1987), 8801 (February 1988), and
8901 (February-March 1989) were collected aboard the
NOAA ship Ferrel by the authors. Because laboratory
studies of spot show spawning to take place between
17.5°C and 25.0 0 C (Hettler and Powell 1981), the 17°C
isotherm was selected as an index of spawning temperature.
Bottom water temperatures were examined between 39° N
and 33.5° N latitude (Fig. 2A) from November through
May, 1965-1989. Data were aggregated seasonally based
on timing of most collections and applicability to spot life
history: November-December, January-February and
March-May (Table 2).
Wind data from Norfolk International Airport, Virginia
has previously been validated for application in the MAB
(Norcross and Austin 1988). Daily resultant wind speed
and direction for 1978-1988 (National Weather Service,













The area of study on the east coast of the United States in-
cluding the Middle Atlantic Bight and Chesapeake Bay. Note:
southern extent of bottom temperatures collected on NMFS
cruises (Table 2): Chincoteague Island (38 0 N), Chesapeake
Bay mouth (37 0 N), Oregon Inlet (36 0 N), and Cape Hatteras
(35 0 N). Sites of collections ofjuvenile spot on the eastern shore
of Virginia, (Wachapreague Inlet, Sand Shoal Inlet, and Fish-
erman's Island), and within Chesapeake Bay, (Occohannock
Creek, York River, James River, and Lynnhaven Bay). Nor-
folk International Airport, site of recording of wind data.
1978-88) were processed by smoothing with seven-day run-
ning averages which corresponded to the physical time
range applicable for transport in the South Atlantic Bight
(Yoder 1983). The daily resultant winds were analyzed for
the time period from November through June, the time
of spawning and recruitment of spot to Chesapeake Bay.
The total number of southerly wind events (i.e., the
number of wind vectors having a northward component)
and the number of southerly events lasting four consecutive
days were compared for different years and months.
Ichthyoplankton samples were collected near the shore
to 200 m offshore in the southern MAB as far north as New
Jersey and as far south as Cape Lookout, NC. Larvae were
collected by stepped oblique tows using Gulf-V samplers
aboard the R V Dolphin in 1965 and 1966 (Berrien et al.
1978). Later collections of spot larvae (1977-1986),
available from NMFS/NEFC cruises (M. Fahay, NMFSI
NEFC, Highlands, NJ 07732, pers. commun. Nov. 1988),
used double oblique bongo-net tows following standard
MARMAP guidelines (Jossi and Marak 1983). These
sampling techniques do not yield information on the ver-
tical distribution of larvae. The horizontal distribution of
larval spot was plotted for November-December,
January-February, March, April, and May by combin-
ing data from all cruises. The mean length of larvae was
calculated for each station. Station locations from each
cruise did not overlap since those from the RV Dolphin were
located on transects perpendicular to the coastline and those
from the NMFS/NEFC cruises were selected by stratified
random sampling techniques.
As part of a larger study, estuarine areas within Chesa-
peake Bay and locations in lagoons on the seaside of
Virginia's eastern shore were sampled twice monthly from
September 1986 through August 1987 and monthly from
September 1987 through August 1988. Sample locations
consisted of Wachapreague Channel and Inlet (five sta-
tions) Sand Shoal Channel and Inlet (five stations) and
Fisherman's Island (one station) on the seaside of the
Virginia eastern shore; Occohannock Creek (four stations)
on the bayside of the eastern shore; and the mouth of the
York River (eight stations) on the west side of Chesapeake
Bay (Fig. 1). Stations were located in channels of creeks
and rivers and directly behind the barrier islands, and in
shallow areas within the marsh complex. Sites were similar
with regard to depth, proximity to houses and creek size.
Weather permitting, two samples were taken at all 23 sta-
tions on each of 36 trips. A 4.9-m semi-balloon trawl with
a codend mesh of6.4 mm and a 3.2-mm codend liner was
used at 18 of the stations. At the other five stations, one
at each site, a 6.1-m bag seine with a 3. 2-mm mesh was
used (Norcross and Hata, in press). All spot captured were
preserved in either 10% formalin or 95 % ethanol and
returned to the laboratory where they were measured to
the nearest 1 mm increment of total length (TL).
Results and Discussion _
Examination of 48 sets of bottom isotherms-10 for
November-December, 14 for January-February, and 24
for March-May (Table 2)-produced plots of the 17°C
isotherm by season (Fig. 2A). Water as warm as 17°C is
present in the MAB during November-December, but the
location exhibits interannual variation in position. Rarely
is there any water as warm as 17° C present in winter. Of
the 14 sets of data examined for January-February, there
was a very restricted amount of water warmer than 17° C













The continental shelf area to
200 m (dotted line) in the
Middle Atlantic Bight and
around Cape Hatteras. (A)
Seasonal distribution of the
17°C isotherm. Numbers, lo-
cated on the side of the iso-
therm greater than 17° C, in-
dicate the year in which the
isotherm was in that position.
Source is data in Table 2. (B)
Bottom water temperatures
on 1 May generated from
average temperatures of 10
years of NMFS data (D.
Mountain and T. Holzwarth,
NMFS/NEFC, Woods Hole,
MA 02543, unpub!. data
1988).
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Tahle 2
Bottom-water temperature data, 1965-1989 (Davis 1979;
Nickerson and Wright 1980; NMFS/NEFC 1983-1988;
Norcross and Bodolus, unpuh. data.) All cruises started




Year Dates I.D. # extent temp.
------_.
November-December
1965 3-23 Dec 6504- Cape Lookout 22°C
1966 9 Nov-4- Dec 6614- Cape Lookout 22°C
1971 8-19 Nov 7103 Cape Lookout 24°C
1978 Dec 7807 Chesapeake Bay 16°C
1980 19 Nov-21 Dec 8012 Oregon Inlet 14-°C
1982 15 Nov-22 Dec 8209 Chincoteague 14-°C
1983 14- Nov-21 Dec 8309 Cape Henry 18°C
1984- 29 Nov-7 Dec 84-09 Cape Hatteras 24-°C
1985 5 Nov-12 Dec 8510 Cape Hatteras 24-°C
1986 3 Nov-12 Dec 8610 Cape Hatteras 24°C
January-February
1959 23 Jan-3 Feb 126 Cape Hatteras 15°C
1966 26 Jan-9 Feb 6601 Cape Lookout l7°C
1978 Jan-Feb 7801 Oregon Inlet l3°C
1978 16 Feb-17 Mar 7802 Cape Hatteras 12°C
1979 Jan 7901 Chesapeake Bay 10°C
1979 23 Feb-15 Mar 7903 Cape Hatteras 12°C
1980 3 Jan-l0 Feb 8001 Oregon Inlet 12°C
1981 17 Feb-24- Mar 8101 Chesapeake Bay lloC
1984- 9 Jan-l0 Feb 8401 Chesapeake Bay 12°C
1985 7 Jan-8 Feb 8501 Chesapeake Bay 12°C
1986 7 Jan-12 Feb 8601 Cape Hatteras 17°C
1987 5 Jan-l3 Feb 8701 Cape Hatteras 16°C
1987 23 Feb-6 Mar 8701 Cape Hatteras 21°C
1988 8 Feb-26 Feb 8801 Cape Hatteras 18°C
1989 13 Feb-2 Mar 8901 Cape Hatteras 21°C
March-May
1966 6-21 Apr 6603 Cape Lookout 21°C
1968 4 Mar-16 May 6803 Cape Hatteras 10°C
1969 5 Mar-l0 Apr 6902 Capc Hatteras 10°C
1970 12 Mar-29 Apr 7003 Oregon Inlet 14-°C
1971 9 Mar-5 May 7101 Cape Hatteras 18°C
1972 8 Mar-24- Apr 7202 Oregon Inlet l3°C
1972 20-31 Mar 7208 Cape Lookout 20°C
1973 16 Mar-15 May 7303 Oregon Inlet lloC
1974- 12 Mar-4- May 7404- Oregon Inlet 14°C
1975 14- Mar-12 May 7503 Oregon Inlet 10°C
1976 4 Mar-5 May 7605 Oregon Inlet 12°C
1977 19 Mar-27 Apr 7703 Oregon Inlet lloC
1978 20 Mar-25 May 7804 Cape Hatteras 14-°C
1978 Apr-May 7804- Cape Hatteras 17°C
1979 20 Mar-12 May 7904- Cape Lookout 18°C
1979 6-19 May 7904 Cape Hatteras 20°C
1980 29 Feb-4 Apr 8002 Cape Hatteras 18°C
1980 16 Mar-2 May 8003 Cape Lookout 18°C
1981 17 Mar-14 May 8100 Cape Lookout l7°C
1981 18 Mar-9 Apr 8103 Cape Hatteras lloC
1981 20 May-18 Jun 8103 Chincoteague 12°C
1985 I Apr-2 May 8303 Cape Hatteras 14°C
1986 6 May-7 Jun 8603 Cape Hatteras 19°C
1987 5 May-8 Jun 8704 Oregon Inlet lloC
available in only five of the 12 years. While 17°C water
was available in March-May, it was restricted to near Cape
Hatteras (Fig. 2, A and B). There is a convergence zone
near Cape Hatteras which causes a dramatic increase in
bottom water temperature (Bumpus 1973). This zone
forms in the autumn, persists throughout the winter, and
breaks down in the spring (Bumpus et aI. 1973). Remnants
of this convergence zone can be seen in the March-May
bottom temperatures (Fig. 2A), with water warmer than
17° C present in almost half of the years. Ten years of data
taken by NMFS/NEFC cruises show this convergence zone
at Cape Hatteras on 1 May (Fig. 2B).
Based on these bottom temperature distributions, we
conclude that spot do not spawn in the MAB in winter,
rather that they spawn near or south of Cape Hatteras
where the water temperature is 17° C or higher. Spot could
theoretically spawn in the MAB in November and early
December when water warmer than 17° C is still present.
However, since spot do not recruit to Chesapeake Bay until
March and April (Table 1), it seems unlikely they they
would spawn in the fall as that would require a mechanism
to keep the larvae offshore in the MAB for four to six
months.
If spot are spawning at the shelf break near Cape Hat-
teras in winter and spring, as indicated by bottom water
temperatures, then a mechanism must exist to transport
the larvae northward on the shelf from Cape Hatteras
towards Chesapeake Bay. The mean longshore flow in the
MAB, however, is southerly (Bumpus 1973). This mean
flow decreases from a maximum near the shelf break
toward the coast where the shallow inner shelf is prone to
wind-driven forces (Beardsley and Boicourt 1981).
Eggs and larvae of spot are pelagic (Powell and Gordy
1980), though their depth distribution is unknown, and
thus subject to transport by winds and currents. Year-class
strength seems to vary yearly and to be determined by time
of recruitment to the estuary Ooseph 1972). These non-
periodic year-to-year fluctuations are thought to be caused
by environmental differences that occur on the spawning
ground Ooseph 1972). Extended periods of offshore-
directed winds during the pelagic phase may cause drastic
reductions in a year class (Manooch and Raver 1984).
Vectors of seven-day running averaged winds from
Norfolk International Airport for 1978-1988 show strong
northerly winds from October through April with episodes
of southerly winds from January onward. May and June
show a seasonal shift to predominantly southerly winds
(Fig. 3). These episodes of seasonal wind reversal could
cause current reversals in the MAB (Bumpus 1973) and
serve as a transport mechanism for spot recruiting to
Chesapeake Bay. The number of southerly wind events and
the number of southerly wind events lasting four consecu-
tive days (Fig. 4) were analyzed for differences between
months and years. There was no significant difference






























Wind vectors from orfolk International Airport, Virginia,
(1978-1988) were processed by smoothing with 7-day running
averages. Time scale is 1July through 30 June of the following
year. Up is north. Orientation is in the direction towards which
the wind is blowing, i.e., away from the center line. Note southerly
events occurring from December to March. Arrows indicate ap-
pearance of cohorts of juvenile spot in the Chesapeake Bay
estuaries in 1987 and 1988 (Figures 6 and 7).
Figure 4
Total number of southerly wind events and number of consecutive
4-day southerly wind events taken from vector plots in Figure 3.
between years in number of southerly winds of either type
occurring between November and]une. However, the total
number of southerly events (F = 10.3; df = 7,63; P<O.Ol)
and the number of four-day southerly events (F = 9.6;
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df = 7,63; P<O.Ol) occurring per month were significantly
different.
As expected, the total number of southerly events per
year is constant. It is the timing of these southerly events
relative to periods when larvae are pelagic that is most
important. Spot larvae begin entering Chesapeake Bay
primarily during March and April. If these fish are ap-
proximately two months of age as found in North and
South Carolina, then the time frame for wind analysis
needs to be narrowed to those months where wind events
are most likely to affect the transport process. April and
May, the time of shift to a summer wind pattern in the
MAB, consistently provide a sufficient number of southerly
events to transport larvae spawned late in the season
northward toward Chesapeake Bay.
Year-class strength is hypothesized to be dependent on
the number of southerly events occurring prior to the wind
shift. Average year classes would rely totally on the wind-
induced transport during April/May, very poor year classes
would result when there was a reduced number of southerly
events during April/May, and dominant year classes would
then be dependent on the number of southerly events oc-
curring from January through March. Analysis of the four-
day southerly wind events occurring during this three
month period detected a significant difference (F = 2.55;
df = 9,18; P<0.05) between years. Results from the total
number of southerly wind events was not conclusive (F =
1. 92; df = 9, 18; P = 0.114), but still reflected a difference
between years.
Analysis of monthly or seasonally averaged winds in-
dicates that winter is not favorable for onshore transport
south of Cape Hatteras (Yoder 1983). These time scales
conceal short periods of wind variability which are impor-
tant for larval fish transport. Transport across the south-
eastern U.S. shelf in winter can be explained by 'event'
scale wind reversals which are most numerous in the outer
regions (Yoder 1983). The most favorable shelf current
regime for shoreward transport is hypothesized to be in
the mid-layer during winter (Miller et al. 1984; Miller et al.
1985). A three-layer winter offshore/onshore transport
regime, combined with vertical migration of larvae, may
keep the fall/winter spawned larvae offshore and delay en-
trance to North Carolina estuaries during winter (Miller
et al. 1984). Perhaps there is a similar mechanism which
bypasses or only partially uses this physical regime and
results in transport around Cape Hatteras and northward
to Chesapeake Bay. This would be consistent with 57-82
day old fish (Siegfried 1989) entering a Chesapeake Bay
estuary. Alternatively, since the water column north of
Cape Hatteras is unstratified at this time of year (Beards-
ley et al. 1976), reducing the effect of Ekman transport on
the upper water column, the transport mechanism may be
less complex. For 90 days, spot larvae are buffeted both
north and south by winds and currents but the additive
product of pulses of southerly winds cause a resultant
northward movement.
Information on distribution of spot larvae during winter
and early spring in the MAB is limited (Berrien et al.
1978; Morse et al. 1987; M. Fahay, NMFS/NEFC, High-
lands, NJ 07732, pel's. commun. Nov. 1988). Distribution
of spot larvae (Fig. 5) in November-December was con-
centrated south of Cape Hatteras and spread northward
to Oregon Inlet. Larvae collected during February were
primarily south of Oregon Inlet with highest densities found
near Cape Hatteras. By March, the larvae were widely
distributed from south of Cape Lookout to the area off
False Cape, VA, south of the Chesapeake Bay mouth.
Distribution continued to progress northward during April
when larvae were found north of the mouth of Chesa-
peake Bay. During May, the regional distribution was fur-
ther condensed with almost all larvae found north of False
Cape.
The extent of distribution varied from year to year, but
several patterns can be seen. Distribution oflarvae spread
northward to Chesapeake Bay over time and most larvae
were captured inshore where waters are prone to wind-
induced current reversals. Mean size of larvae increased
from offshore to inshore and with distance northward, sug-
gesting a spawning site near or south of Cape Hatteras on
the outer shelf. The range oflarval sizes found each month
further emphasized the protracted spawning period.
Distribution of larvae, coupled with information on size
and age, has been used in the South Atlantic Bight to
infer time and area of spawning (Lewis and Judy 1983;
Warlen and Chester 1985). From Cape Hatteras south-
ward, the highest larval abundance in winter (November-
March) is on the outer shelf in depths of 40-200 m (Lewis
and Judy 1983 ; Yoder 1983; Warlen and Chester 1985)
Concurrently, surface temperatures there are warmer and
more favorable for spawning and larval survival (Yoder
1983).
Pelagic larvae are unable to regulate their environment,
but they may moderate the effects through an appropriate
behavioral response to reliable environmental signals
(Leggett 1985). Microscale migrations oflarvae of several
species have been shown to influence their association with
beneficial current regimes, resulting in transport into
estuarine nursery grounds (Leggett 1985; Miller et al.
1985). Therefore, it is possible that spring reversals of wind
patterns north of Cape Hatteras could act as an environ-
mental signal to which spot larvae respond, resulting in
northward transport to Chesapeake Bay. However, early
larval survival is highly variable when dependent upon such
large-scale meteorological events (Leggett et al. 1984). Such
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Figure 5
Aggregate seasonal distribution and abundance of spot larvae from the RV Dolphin cruises (1965-1966) (Berrien et al. 1978) and
NMFS/NEFC surveys (1977-1986) (M. Fahay, NMFS/NEFC, November 1988). Numbers indicate mean size of larvae (mm).
variable recruitment of spot is common in Chesapeake Bay
and Delaware Bay (Thomas 1978).
Data on juvenile spot recruitment in Virginia are not
available from the same time period as the larval collec-
tions, but they are available from recent samples collected
from 1986 to 1988. In 1987, spot first appeared during the
second April collection period, 20-23 April, recruitment
peaking in May and continuing through June (Fig. 6). The
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Total Length (mm)
trend of peak recruitment in May and June was also seen
in 1988 collections, but spot appeared in Chesapeake Bay
during March (Fig. 7), a month earlier than in 1987. The
March/April appearance of recruits between 13 and 41 mm
TL is in agreement with most other reports of spot entrance
to Chesapeake Bay (Table 1).
Evidence of a protracted spawning season is seen with
the presence of new recruits (10-25 mm TL) in all collec-
tions (Figs. 6 and 7). Episodes of southerly winds in 1987
and 1988 occurred prior to the initial appearance of spot
within Chesapeake Bay and prior to the appearance of each
successive cohort (Fig. 3). The earlier arrival of spot in
March 1988 could be related to the number (12) of south-
erly wind events in February as opposed to 1987 when there
were no southerly events in February (Fig. 4) and spot did
not appear until late April.
Based on the growth rates ofWarlen and Chester (1985)
and Siegfried (1989), spot entering Chesapeake Bay in 1987
and 1988 were spawned between January and April. At
that time of year, the only bottom water warmer than 17° C
was just off Cape Hatteras (Fig. 2), 250 km south of
Chesapeake Bay.
It is not impossible for fish larvae to be transported in
excess of 250 km to reach nursery grounds. Larvae of the
American eel (Anguilla rostrata) and bluefish (Pomatomus
saltatrix) are also transported northward along the Atlan-
tic coast before entering estuaries. However, unlike spot,
it is thought that transport of these species is dependent
upon the Gulf Stream (Kendall and Walford 1979;
Kleckner and McCleave 1982). The apparent dependence
of pelagic spawners on "normal" oceanographic drift con-
ditions suggests that anomalies in these patterns could
result in variation in recruitment success (Norcross and
Shaw 1984). The suggested "normal" condition affecting
spot recruitment to Chesapeake Bay is episodes of southerly
reversals in spring wind patterns. The timing of these rever-
sals is hypothesized to cause observed anomalous varia-
tions in spot recruitment abundance.
The hypothesis that wind events are responsible for a
portion of the interannual variability in spot recruitment
suggests the need for investigation of the offshore larval
distribution coupled with the physical dynamics of the
system. Circulation patterns over the MAB continental
shelf and around Cape Hatteras are complex, and transport
processes may also be related to the amount of estuarine
discharge, tidal influence, and stratification of the water
column. Current meter data for the MAB south ofChesa-
Figure 6
1987 bimonthly sampling. Length/frequency histograms of newly
recruited spot aggregated over five sites in Chesapeake Bay and
on the eastern shore of Virginia (from top to bottom:
Wachapreague, Sand Shoal, Fisherman's Island, Occohannock
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peake Bay are needed to verify inferences of water move-
ment in conjunction with southerly wind events. Computer
simulations of the shelf currents would aid in identifying
physical factors that have the greatest effect on recruitment
variation. This effect would be further modified by the ver-
tical distribution of spot larvae, though this distribution
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Figure 7
1988 monthly sampling. Length/frequency histograms of newly
recruited spot aggregated over five sites in Chesapeake Bay and
on the eastern shore of Virginia (from top to bottom: Wacha-
preague, Sand Shoal, Fisherman's Island, Occohannock Creek,
and York River).
fore needed to determine depth distribution of spot larvae
and associated changes which may occur as larvae develop.
Field studies are needed to verify spot spawning sites and
to collect concomitant physical data. The possibility exists
that fish recruiting to areas north of Cape Hatteras are
spawned at a later date than those recruiting to more
southern estuaries. Aging oflarvae, based on daily otolith
increments, would yield information on spawning time,
duration of transport, and growth rates during the larval
phase. Sampling of new recruits on a time scale finer than
the montWy and bimonthly data presented here is necessary
to adequately test the hypothesized relationship with
southerly wind events.
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